Background The literature suggests survivorship of unicompartmental knee arthroplasties (UKAs) for spontaneous osteonecrosis of the knee ranges from 93% to 97% at 10 to 12 years. However, these data arise from small series (23 to 33 patients), jeopardizing meaningful conclusions. Questions/purposes We determined (1) the longer-term survivorship of UKAs in a larger group of patients with spontaneous osteonecrosis of the knee; (2) their subjective, symptomatic, and functional outcomes; and (3) the percentage of failures and reasons for failures to identify relevant indications, contraindications, and technical parameters for treatment with a modern implant design.
Introduction
Spontaneous osteonecrosis of the knee was described by Ahlbäck et al. in 1968 [3] as a typically unicompartmental disease. More recently, Mont et al. [25] reported the limited involvement of the periarticular bone in this disease. Some surgeons believe joint arthroplasty is the only reasonable treatment for late-stage spontaneous osteonecrosis of the knee with secondary joint collapse [1, 23, 25] . UKA seems to be an appropriate procedure [19, 20, 33] , particularly for patients older than 65 years with unaffected lateral and patellofemoral compartments [19, 21, 24, 35, 36] .
Nevertheless, the literature reports limited data on clinical and radiographic outcomes of UKAs performed for spontaneous osteonecrosis of the knee [9, 13, 17, 24, 29, 30] , probably reflecting its low incidence in the general population (0.05%-7% in patients with knee arthroplasties) [33, 34] . These studies report from 23 to 33 patients with mean followups ranging from 3.3 to 10.4 years, only the last two of which [33, 34] suggest survivorship of 93% to 96.7%. A recent systematic literature review of UKA for spontaneous osteonecrosis of the knee in 64 patients noted a mean improvement in the global knee score from 46 to 82, with a mean revision rate of 13%, when followed for 2.5 to 5.5 years [29] . ''Poor outcome'' was suggested in earlier studies [24, 33] , in contradiction to ''excellent outcome'' when established indications were used in a subsequent study [29] . The better survival in some series [33, 34] cited in the review [29] compared with previous literature [24, 33] might be related to improvements in modern prosthetic designs, less invasive surgical techniques, or more appropriate patient selection (eg, reserving the procedure to knees with strictly unicompartmental joint disease). Thus, the role of UKA in spontaneous osteonecrosis of the knee remains unclear, particularly regarding the indications, contraindications, and technical parameters for treatment with a modern implant design.
We therefore determined (1) the long-term survivorship of UKAs in a larger group of patients with spontaneous osteonecrosis of the knee; (2) WOMAC, Knee Society score (KSS), VAS for self-assessment of pain, Lysholm-Tegner score, and (3) the percentage of failures and possible reasons for failures, either in terms of patient selection (age, BMI, Lysholm-Tegner score for activity level) or surgical technique (femorotibial angle, tibial plateau angle, and posterior tibial slope).
Patients and Methods
The population of patients for this retrospective therapeutic case series was derived from 273 patients with medial UKAs, treated between 1998 to 2005, of whom 185 (68%) received a UKA for medial compartment osteoarthritis. The indications for UKA were unicompartmental osteoarthritis or osteonecrosis; age older than 50 years with low-demand activity; BMI less than 35 kg/m 2 ; minimal ROM arc greater than 90°; flexion contracture less than 10°; passively correctable angular deformity less than 15°under spinal anesthesia, and intact ACL and PCL at clinical and MRI evaluations [7, 16, 32] . UKA was considered contraindicated in patients with inflammatory arthritis [28] , age younger than 50 years, high activity level, patellofemoral pain, exposed bone in the patellofemoral joint or opposite compartment, and secondary osteonecrosis [7, 16, 25, 29, 31, 32] . From our population, we selected patients with a diagnosis of primary spontaneous osteonecrosis of the knee in the medial compartment on preoperative MRI [11, 22, 25, 35] and intraoperative examination; radiographic diagnosis of Stage 4 osteonecrosis [25-27, 35, 36] with collapse of the medial compartment (Ahlbäck Grades III-IV) [2] , and minimum clinical followup of 5 years. We excluded 97 patients with other causes of isolated medial compartment arthritis and those with (1) patellofemoral joint symptoms, (2) lateral joint line pain, (3) previous high tibial osteotomy, (4) morbid obesity (BMI [ 40), (5) diagnosis of inflammatory degenerative joint diseases [28] , and (6) previous open or arthroscopic medial meniscectomy [31] . The exclusions left 88 patients (32%) for study. The mean age of the patients at surgery was 66 years and mean BMI was 29 (Table 1 ). Table 1 ). Sixty of the 88 patients (70%) had a minimum followup of at least 10 years. Except for the patients who died, none was lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. The study was approved by our institutional review board. All patients gave informed consent to participate in the study. Preoperatively, all patients had weightbearing AP and laterolateral (LL) [18] radiographs. In all knees, spontaneous osteonecrosis involved the medial compartment; in 77 knees, the medial femoral condyle was involved, whereas in seven knees, the medial tibial plateau was involved ( Table 1 ). According to the radiographic classification of knee osteonecrosis as described by Ficat [12] and Mont et al. [25, 26] , all patients were diagnosed with Stage 4 spontaneous osteonecrosis of the knee. Using the Ahlbäck classification [2] , all patients had Grade III or IV medial joint space narrowing (Table 1) . Preoperatively, three observers (SB, NL, TB) with no clinical contact with the patients determined the femorotibial angle (FTA) ( Fig. 1A ) [14] . The FTA was determined by locating a point 10 cm above and below the joint line, and taking the midpoint of the femur and tibia at these levels. The midpoints of the femur and tibia again were located at the superior edges of the radiograph. The respective two points on the femur and tibia were connected. The angle subtended between these two lines was taken as the FTA. The preoperative tibial plateau angle (TPA) was determined as the angle subtended by the medial tibia plateau on the anatomic axis of the proximal tibia ( Fig. 1B) [10] . On the LL radiographs, the posterior tibial slope (PTS) (Fig. 1C ) [10] was determined as the angle included between the tangent to medial tibial plateau and anatomic axis of the tibia (interobserver variability, FTA = 0.87, TPA = 0.83, PTS = 0.80), using recognized techniques. All patients also had MRI to document the location and extent of their spontaneous osteonecrosis, exclude any metaphyseal involvement, and assess the absence of degenerative changes in the lateral and patellofemoral compartments [25] .
All surgeries were performed by one of the three senior authors (MM, SZ, FI) using a minimally invasive quadriceps-sparing technique [4, 5, 8] and the same cemented implant with an all-polyethylene tibial component (Preservation 1 Uni-Compartmental Knee; DePuy Orthopaedics Inc, Warsaw, IN, USA). We believe a key technical feature is to restore the presumed prepathologic varus alignment (compared with the opposite side), avoiding overcorrection of the varus deformity [38] . In all knees, surgery was performed according to the original surgical technique as suggested by the manufacturer. The minimum thickness for the tibial component (7 mm) was used in 78 knees (93%), whereas the intermediate thickness (9.5 mm) was used in six knees (7%). The maximum polyethylene thickness (11.5 mm) was not used in any knees.
After surgery, static quadriceps exercises and continuous passive motion were started on the first postoperative day, after drain removal and dressing, to achieve 90°knee flexion over 2 to 3 days. Walking with two crutches with weightbearing as tolerated was started on the same day and continued for 30 days, after which one crutch was used for 15 to 20 days until passive extension was possible. Electrostimulation for quadriceps strengthening was performed for 2 weeks after suture removal. The patients performed unsupervised physiotherapy at home and generally started full weightbearing at approximately 45 days. Patients received complete clinical evaluations at 30, 60, and 90 days and then yearly after surgery at which time they were evaluated for pain, swelling, ROM, and ability to rise from a chair and to climb stairs. At the last followup patients evaluated their pain using a 0 to 10 VAS. Three different fellows (BS, ACP, MN) with no previous contact with the patients obtained KSS [15] and WOMAC scores [6] , and a Lysholm-Tegner score [37] . The interobserver variability of the KSS is reportedly 0.87 and that of the WOMAC 0.86. We obtained radiographs at 30 days and then yearly after surgery.
Three observers (SB, NL, TB) independently measured FTA ( Fig Constrained 3 * Values are expressed as mean ± SD, with range in parentheses; MFC = medial femoral condyle; MTP = medial tibial plateau; MTF = medial tibial fracture. Fig. 3 The 10-year Kaplan-Meyer survival analysis with revision for any reason as the end point showed a survival rate of 89%. The 95% confidence interval was 89.6 to 103.5 months.
was determined as described previously [14] , whereas the postoperative TPA was measured as the angle subtended by the tangent to the plane of medial tibial plateau resection and the proximal anatomic axis of the tibia [10] . The postoperative PTS was ascertained as the angle included by the tangent to the medial tibial plateau resection plane and the anatomic axis of the tibia in the sagittal plane [10] . We assumed an FTA greater than 175°to be a varus knee, an FTA between 170°and 175°a normal knee, and an FTA less than 170°a valgus knee. Moreover, we assumed a TPA greater than 90°to be a valgus knee and a TPA less than 90°a varus knee.
All patients with persistent pain on the medial joint line underwent revision surgery after greater than 12 months after UKA. Revision was performed with a primary implant (PFC 1 Sigma 1 RP; DePuy Orthopaedics Inc) in show the knee after the revision procedure. The reimplantation was performed with a one-stage procedure using a constrained implant with uncemented stems for the femoral and tibial components. Owing to bone loss on the medial tibial side, a metal augment was used. seven knees and with a constrained modular design (PFC 1 Sigma 1 TC3; DePuy Orthopaedics Inc) in three knees ( Table 2 ). The constrained modular design was used for the patient with the medial tibial fracture, for the patient with prosthetic infection, and for one of the patients with aseptic loosening of the tibial component. In all these knees, it was necessary to use stems to achieve optimal distal and proximal fixation. Revision was performed as a singlestage procedure in all patients, except for the patient with a prosthetic infection, where a temporary spacer was used and revision was performed in a second stage.
Continuous variables (ie, age, BMI, range of flexion, FTA, TPA, PTS, VAS pain score, KSS, WOMAC, Lysholm-Tegner) were expressed as arithmetic mean ± SD and minimum to maximum ranges. We performed survival analysis using the Kaplan-Meier method, with a 95% CI, using revision for any reason as the end point. The 10 patients whose UKAs were revised were compared with the patients with no implant revision to determine statistical differences between selected variables (FTA, TPA, VAS, ROM, Lysholm-Tegner score, BMI, and age). To evaluate differences between failure and success cohorts, Fisher's exact test was used to compare nominal variables (gender) and the Mann-Whitney U test was used to compare continuous variables (FTA, PTA, PTS, BMI, KSS, WOMAC, VAS, ROM, Lysholm-Tegner). Statistical analyses were performed using SPSS 1 Version 16 (SPSS Inc, Chicago, IL, USA).
Results
The 10-year Kaplan-Meier survivorship with revision for any reason as the end point was 89% ± 2% (Fig. 3) . The four patients who died before final evaluation had no clinical symptoms of implant failure or radiographic signs of loosening at last followup. Ten of the 84 patients (12%) underwent revision. Subsidence of the tibial component in four knees (Fig. 4A-C) , aseptic loosening of the tibial component in three, aseptic loosening of the femoral component in one, medial tibial fracture in one, and prosthetic infection in one were the reasons for revision ( Fig. 4D-E) . Mean time from UKA to revision was 26.4 months and no patient experienced failure of their knee greater than 5 years after surgery (Table 2) .
Postoperatively, the average KSS was 87.1 ± 13.8, WOMAC score was 12 ± 10.3 (Table 3) , and VAS was 1.7 ± 2.5 (0-3) ( Table 4 ), whereas the average Lysholm-Tegner score for postoperative activity was 50.8 ± 6.25(45-63). The postoperative VAS pain score and ROM were lower in the revision group than in the survivors, with similar changes observed in KSS and WOMAC ( Table 5 ).
The differences in postoperative PTS in the survivors and the revision group were 0.5°± À 2.7°and 4.2°± À 2.5°, respectively, suggesting an overcorrection of 3.7°in the revision group (p = 0.002). There was no difference in the two groups with relation to age, BMI ( Table 5) , preoperative activity as measured by Lysholm-Tegner score, FTA, and TPA (Table 6 ). VAS pain score after revision of UKA, compared with after UKA, was improved (p = 0.001) from 8.4 ± 1.4 to 4.4 ± 3.7. 
Discussion
The literature suggests survivorship of UKA for spontaneous osteonecrosis of the knee ranges from 93% to 96.7% at 10 to 12 years [29] . However, these data arise from series reporting 23 to 33 patients, jeopardizing meaningful conclusions. Thus, the indications, contraindications, and technical parameters in treating spontaneous osteonecrosis of the knee with a modern implant design are unclear. We determined (1) the long-term survivorship of UKAs in a larger group of patients with spontaneous osteonecrosis of the knee; (2) WOMAC, KSS, VAS for self-assessment of pain, Lysholm-Tegner score, and (3) the percentage of failures and reasons for failures. Our study had several limitations. First, the size and depth of the lesions were not documented in our study. However, it seems less likely they would impact the results as the patients selected all had Ahlbäck Grades III or IV osteonecrosis, with bone to bone contact, and we used a cemented onlay implant positioned on the tibial cortical rim, with a nonresurfacing technique, where the implant did not rest on subchondral bone. Second, we were unable to conduct a wear analysis to determine whether and possibly how polyethylene wear was related to altered PTS. Third, we had no control group undergoing TKA for this group of patients with spontaneous osteonecrosis of the knee. However, the survivorship obtained with UKA in our series is comparable to the survivorship reported for TKA [33] .
The potential of UKAs to treat spontaneous osteonecrosis of the knee has generated considerable controversy ( Table 7) . A literature review of UKA in patients with spontaneous osteonecrosis of the knee showed a cumulative revision rate of 13% and an improved KSS from a mean preoperative value of 46 to a mean postoperative value of 82 [29] . However, survivorship seems to have changed in recent studies [29, 30, 34] in comparison to previous literature. An earlier study noted a failure rate of 12.5% at 5.5 years [24] , whereas a recent study had a 96.7% 12-year survival rate [30] . The improvement in survivorship in subsequent literature could reflect better patient selection on the basis of low BMI or exclusion of secondary osteonecrosis and documentation of size of lesion by preoperative MRI rather than intraoperative inspection. A previous report [33] of superior KSS with TKAs compared with UKAs performed for spontaneous osteonecrosis of the knee included secondary osteonecrosis and did not compare size of the lesion among patients with failed results and survivors. Two recent studies suggest comparable results for UKAs in patients with spontaneous osteonecrosis of the knee versus those for patients with osteoarthritis [17, 34] . The overall 10-year survivorship in our study was 89% for medial UKAs performed for latestage spontaneous osteonecrosis of the knee. However, excluding the failed results attributable to postoperative infection and posttraumatic fracture, probably only eight (8.91%) were related to errors in patient selection or surgical technique, leading to progression of the lesion, loosening, or polyethylene wear. To explore these reasons for failure, the patients with no implant revision and those with revision for any reason were compared for patient selection criteria (age, BMI, activity level documented by Lysholm-Tegner score) and surgical technique (FTA, TPA, and PTS). We found an increase in PTS in our patients with revisions. There were no differences detected in the current study with respect to the other parameters. Although a PTS of 7°is reportedly beneficial when a UKA is performed in knees with an ACL deficiency [13] , we found no comparable data reported in the previous literature for PTS. Along with patient selection, it is vital not to overcorrect the PTS, a factor that also probably applies to FTP and TPA.
Survivorship of UKAs in patients with spontaneous osteonecrosis of the knee seems variable in different studies [13, 17, 24, 29, 30, 33, 34] , yet certain parameters can be identified that can favorably influence it. Secondary osteonecrosis probably should be a contraindication owing to the propensity for subsequent multicompartment involvement. The involvement of other compartments should be checked even in spontaneous osteonecrosis of the knee with preoperative MRI. We believe UKA, with its bone-preserving nature and preservation of natural kinematics, is a better solution than TKA for spontaneous osteonecrosis of the knee, which is a unicompartmental disease, without soft tissue imbalance, ligament involvement, and malalignment.
